Introduction
============

The ability of antidepressants, which block the reuptake of both norepinephrine and serotonin to relieve neuropathic pains, is well documented ([@B1]). Venlafaxine belongs to newer antidepressant drugs with fewer side effects compared to tricyclic antidepressants (TCA) ([@B2]). The pain alleviating properties of venlafaxine in different pain models such as neurogenic pain, diabetic neuropathy and fibromyalgia have been demonstrated ([@B3]-[@B5]). It has been shown that venlafaxine prevents and relives oxaliplatin-induced acute neurotoxicity ([@B6]). In addition, venlafaxine does not induce the usual TCA side-effects caused by their anticholinergic, anti-histaminic and alpha-1 adrenergic antagonistic properties ([@B7]). Thus, this drug could be a novel and promising pharmacological approach in peripheral neuropathic pain treatment.

The mechanisms involving the analgesic effects of venlafaxine are still poorly understood. Early research determined that venlafaxine at the supraspinal and spinal levels increased the amount of noradrenalin and serotonin in the descending inhibitory pathways ([@B8]). However NMDA receptor blockade, sodium channel blockade and activation of μ-and δ-opioid receptors are proposed as possible mechanisms which may be involved in its analgesic effects ([@B9], [@B10]).

Some studies have suggested that analgesic effects of venlafaxine mediate through endogenous adenosine systems ([@B11]). This possibility is interesting since adenosine has been shown to have antinociceptive properties and endogenous levels of adenosine are reduced in the plasma and cerebral spinal fluid of patients with neuropathic pain ([@B12]-[@B17]). Several studies have also shown an opioidergic involvement in the antinociceptive effect of antidepressants, often demonstrated by the inhibitory effect of naloxone, an antagonist of opioidergic receptors, on their antinociception actions ([@B18], [@B19]).

In the present study, we have investigated whether acute venlafaxine administration was effective in alleviating symptoms of neuropathic pain and whether an adenosine or opioid-related mechanisms contribute to the antinociceptive effects of acute venlafaxine administration in a rat model of neuropathic pain. In this study we used caffeine as a non-selective adenosine receptors antagonist which is being equally effective at both adenosine A~1~ and A~2~ receptors ([@B20]) and naloxone as an opioidergic receptors antagonist.

Experimental
============

*Animals and housing conditions*

The experiments were performed on male Sprague--Dawley rats (200--250 g). They were housed four per cage, in a room under controlled temperature (23±2 °C), humidity (50%) and lighting (12/12 h light/dark cycle), with food and water available ad libitum. All experiments were approved by the ethical committee of Isfahan University of Medical sciences and followed the European Commission Directive (86/609/EEC) for animal experiments.

Procedures involving animals and their care were conducted in conformity with NIH guidelines for the care and use of laboratory animals.

*Neuropathic pain model*

The rats were anesthetized with ketamine (50 mg/Kg *i.p*.) and xylazine (10 mg/Kg *i.p.*).The common sciatic nerve was exposed and dissected from surrounding connective tissue near the trocanter, just distal to the branching point of the posterior biceps semitendinosus nerve. Four ligatures (4.0 chromic Gut) were tied loosely around the nerve with a 1-1.5 mm interval between ligatures so that the circulation through the superficial epineuria vasculature was not totally interrupted. Sham-operated rats had the same surgery, the left sciatic nerve was exposed but no ligation was made. The rats were housed individually in cages after the surgery ([@B21]).

*Behavioral tests of neuropathic pain*

Hyperalgesia to noxious thermal stimulus and allodynia to mechanical stimuli were determined as behavioral score of neuropathic pain by using the radiant heat plantar and von Frey test, respectively. These tests were performed during the day portion of the circadian cycle (09:00--16:00 h). After cage exploration and major grooming activities ceased, we made the behavioral tests. The behavioral scores of neuropathic pain were determined 1 day before the surgery as the baseline value and also 45 min after the injections on the 7^th^ day after the surgery ([@B22]).

*Thermal hyperalgesia (plantar test)*

Paw withdrawal latency in response to radiant heat was measured by using plantar test apparatus (UgoBasile, Varese, Italy). Rats were placed within a Plexi glass enclosure (but not restrained) on a transparent glass floor. An infrared beam that constitutes the heat source was moved beneath the mid-plantar surface of the hind paw. Thermal withdrawal latency was defined as the latency (seconds) between the heat stimulus onset and paw withdrawal using a feedback-controlled shut-down unit. A cut-off time of 22 s was used to avoid tissue damage. Each paw was tested three times alternatively at minimum intervals of 5 min between stimulation to avoid sensitization of the hind paw. Mean latency of the withdrawal response for ipsilateral (operated) and contralateral (non-operated) paws were calculated separately ([@B23]).

*Mechanical allodynia (von Frey filament stimulation)*

To examine mechanical allodynia, withdrawal threshold to mechanical stimuli was measured using von Frey filaments (steeling, Wood Dale, IL, USA) in the following order: 0.6, 1.0, 1.4, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0, 26.0 and 60 g.

Rats were placed on a mesh (0.8×0.8 cm cell) floor, covered by an inverted transparent plastic box (18×18×25 cm) and allowed to adapt for approximately 15 min, or until exploratory behavior ceased. A series of von Frey filament stimuli were delivered in an ascending order of forces to the central region of the plantar surface of the hind paw. The stimulation was applied three times consecutively, pushing down on the hind paw until the rat withdrew its paw or the fiber bowed. Lifting of the paw due to normal locomotors behavior was ignored. The smallest filament size which evoked at least 3 withdrawal responses during 5 consecutive applications was considered as withdrawal threshold. Each filament was applied for approximately 1 s and the inter stimulus intervals were about 5 s ([@B24]).

*Cold allodynia (acetone test)*

Cold allodynia was performed with using the acetone spray test (evaporation-evoked cooling) as described previously. Rats were placed on a wire mesh floor; acetone bubbles formed at the end of a tube connected to a syringe were applied 5 times (at 5 min intervals) to the plantar surface of the hind paw. The frequency of paw withdrawal was expressed as a percentage (the number of paw withdrawals/number of trials×100) ([@B24]).

*Treatments*

Animals were randomly assigned into following 8 groups (*n*=6). Control group: in this group common sciatic nerve was exposed then four ligatures (4.0 chromic Gut) were tied loosely around the nerve. Rats were treated with normal saline (5 mL/Kg *i.p*.).

Sham group: Sham-operated rats had the same surgery, the left sciatic nerve was exposed but no nerve ligations were made and rats were treated with normal saline (5 mL/Kg *i.p*.).

Treatment groups: CCI rats who were treated with venlafaxine (20 and 40 mg/Kg *i.p*.) on the 7^th^ day after surgery.

Caffeine group: CCI animals who were received venlafaxine (40 mg/Kg *i.p*.) concurrent caffeine (5 mg/Kg *i.p*.) on the 7^th^ day after surgery.

Naloxone group: CCI animals who were received venlafaxine (40 mg/Kg *i.p*.) concurrent naloxone (1 mg/Kg *s.c*.) on the 7^th^ day after surgery.

Rats were injected with the vehicle (saline solution 0.9%) and the baseline paw withdrawal thresholds were measured. Then behavioral tests were measured at 45 minutes after acute injection of venlafaxine (20 and 40 mg/Kg *i.p*.). Tests were done on the 7^th^ day after surgery. Caffeine (5 mg/Kg *i.p*.) and naloxone (1 mg/Kg *s.c*.) were administered separately in combination with venlafaxine (40 mg/Kg *i.p*.), 15 minutes before venlafaxine administration, and behavioral tests were done 45 minutes after venlafaxine injection.

*Statistical analysis*

Data were compared by one-way analysis of variance (ANOVA) followed by Fisher LSD post-hoc test for multiple comparisons.

Results
=======

*Behavioral tests of neuropathic pain*

The rats did not show any sign of autotomy after the sciatic nerve ligation. Paw gesture of the ipsilateral paw was slightly altered; but this did not interfere with the normal activity of the rats. There was no evidence for the occurrence of contralateral hyperalgesia and allodynia in all tested groups.

*Thermal hyperalgesia*

Sciatic nerve ligation decreased paw withdrawal latency to the thermal stimulus in ipsilateral paw, but sham operation did not produce any significant change in the paw withdrawal latency.

Acute administration of venlafaxine (40 mg/Kg *i.p*.) 45 minute before the plantar test on the 7^th^ day after surgery blocked thermal hyperalgesia in ipsilateral paw (P\<0.01) ([Figure 1](#F1){ref-type="fig"}).

![The effects of acute treatment with venlafaxine (20 and 40 mg/Kg *i.p*.) on heat hyperalgesia. Sham group (n = 6): rats who were subjected to sham treatments (Saline solution 5 mL/Kg) for chronic constrictive nerve injury (CCI), Control group (n = 6): chronic constrictive nerve injury of the right sciatic nerve was performed, Venla 20: CCI animals who were treated with venlafaxine (20 mg/Kg *i.p*.), Venla 40: CCI animals who were treated with venlafaxine (40 mg/Kg *i.p*.).](ijpr-14-843-g001){#F1}

The results are expressed as Mean ± S.E.M., n=6 in all groups.\*\*P\<0.01 versus control group, ++P\<0.01 versus sham group.

*Mechanical allodynia*

Sciatic nerve ligation led to a significant decrease of the withdrawal threshold of ipsilateral paw in comparison with sham operated group (P\<0.001). Acute treatment with venlafaxine (20 and 40 mg/Kg *i.p*.) couldn't significantly modify withdrawal threshold of ipsilateral paw ([Figure 2](#F2){ref-type="fig"}).

![The effects of acute venlafaxine (20 and 40 mg/Kg *i.p*.) administration on the mechanical allodynia. Sham group (n = 6): rats who were subjected to sham treatments (Saline solution 5 mL/Kg) for chronic constrictive nerve injury (CCI), Control group (n = 6): chronic constrictive nerve injury of the right sciatic nerve was performed, Venla 20: CCI animals who were treated with venlafaxine (20 mg/Kg *i.p*.), Venla 40: CCI animals who were treated with venlafaxine (40 mg/Kg *i.p*.).](ijpr-14-843-g002){#F2}

The results are expressed as Mean ± S.E.M., n=6 in all groups. +++P\<0.01 versus sham group.

*The effects of caffeine on theantinociceptive effects of venlafaxine*

Caffeine (5 mg/Kg *i.p*.) didn't significantly prevent the antihyperalgesic effect of acute venlafaxine injection (40 mg/Kg *i.p*.) in the radiant heat plantar test ([Figure 4](#F3){ref-type="fig"}).

![The effect of caffeine (5 mg/Kg *i.p*.) on antihyperagesic effect of acute treatment with venlafaxine (40 mg/Kg *i.p*.).](ijpr-14-843-g003){#F3}

Sham group (n = 6): rats who were subjected to sham treatments (Saline solution 5 mL/Kg) for chronic constrictive nerve injury (CCI), Control group (n = 6): chronic constrictive nerve injury of the right sciatic nerve was performed, Venla 40: CCI animals who were treated with venlafaxine (40 mg/Kg *i.p*.), Caffeine: CCI animals who were treated with caffeine (5 mg/Kg *i.p*.), Venla 40+ Caf: CCI animals who were received venlafaxine (40 mg/Kg *i.p*.) concurrent caffeine (5 mg/Kg *i.p*.).The results are expressed as Mean ± S.E.M., n=6 in all groups\*\*P\<0.01 versus control group.

*The effects of naloxone on the antinociceptive effects of venlafaxine*

[Figure 5](#F4){ref-type="fig"} shows the effect of naloxone (1 mg/Kg *s.c*.) on the antihyperalgesic effect of acute venlafaxine injection (40 mg/Kg *i.p*.). Naloxone could not change antinociceptive effects of venlafaxine in the radiant heat plantar test.

![The effect of naloxone (1 mg/Kg *s.c*.) on the antihyperagesic effect of acute treatment with venlafaxine (40 mg/Kg *i.p*.).](ijpr-14-843-g004){#F4}

Sham group (n = 6): rats who were subjected to sham treatments (Saline solution 5 mL/Kg) for chronic constrictive nerve injury (CCI), Control group (n = 6): chronic constrictive nerve injury of the right sciatic nerve was performed, Venla 40: CCI animals who were treated with venlafaxine (40 mg/Kg *i.p*.), Naloxone: CCI animals who were treated with naloxone (1 mg/Kg s.c.),Venla 40+ Nal: CCI animals who were received venlafaxine (40 mg/Kg *i.p*.) concurrent naloxone (1 mg/Kg *s.c*.).

The results are expressed as Mean ± S.E.M., n=6 in all groups\*\*P\<0.01 versus control group.

Discussion
==========

The present study demonstrates that acute venlafaxine (40 mg/Kg *i.p*.) administration on the 7^th^ day after surgery, once the neuropathic pain had been fully established, inhibits heat hyperalgesia expression in an opioidergic or adenosine independent manner.

Recently anti-inflammatory and analgesic effects of some antidepressant have been demonstrated ([@B25]-[@B27]).

Venlafaxine is a serotonin/ norepinephrine reuptake inhibitor ([@B28]). But in comparison with other dual re-uptake inhibitors such as duloxetine has weak affinity for serotonin and norepinephrine transporters. Thus, in rats, at low doses (\<10 mg/Kg *i.p*.) acts as an SSRI and only begin to exhibit dual re-uptake properties at doses \>30 mg/Kg *i.p*. mainly due to increasing concentrations of the R-O-desmethylvenlafaxine, an active metabolite of venlafaxine ([@B29]).

Considering The results of this study and other studies, it can be proposed that the maximal anti-nociceptive effect of venlafaxine obtained when it was administered at high doses (\>30 mg/Kg) in the rats ([@B30], [@B31]).

It has been demonstrated that the opioidergic system is involved in the effect of tricyclic antidepressants (TCAs) ([@B32]). The opioidergic system also proposed to be involved in the antihyperalgesic effect of venlafaxine ([@B30]). However, according to our results the inability of naloxone to reduce the antihyperalgesic effect of venlafaxine seems to exclude this possibility. These results also demonstrate that venlafaxine, which is a mixed inhibitor of norepinephrine and serotonin reuptake, differs from the other antidepressants in the mechanism of its antinociception action.

Schreiber et al have reported that the antinociceptive effect of venlafaxine in the hot plate model of thermal pain in mice is mediated through opioid and adrenergic mechanisms ([@B30]). They conclude that venlafaxine reduced noradrenergic responsiveness which may induce an indirect activation of the opioid system. On the other hand Marchand and his colleagues reported that the antihyperalgesic effect of venlafaxine in diabetic rats does not involve the opioid system ([@B33]). It is well known that different animal models of neuropathic pain have different pathogenesis. In this study we have used chronic constriction injury of sciatic nerve as an animal model of peripheral neuropathic pain. This model is based on a unilateral loose ligation of the sciatic nerve, which is one of the most frequently used models for the study of neuropathic pain and its treatment ([@B34], [@B35]). This model also shows many of the pathophysiological properties of chronic neuropathic pain in human subjects, such as allodynia and hyperalgesia ([@B36]). Our results showed that venlafaxine antinociception effects in the peripheral neuropathy are mediated independent of the opioid system.

It is widely documented that the adenosine system is involved in the effect of tricyclic antidepressants, possibly in relation to their monoaminergic action ([@B37]). The adenosine system could also be involved in the antihyperalgesic effect of venlafaxine ([@B11]). However, according to our results the inability of the caffeine to reduce the antihyperalgesic effect of venlafaxine in the peripheral neuropathy seems to rule out this possibility. However it has been shown that caffeine significantly antagonize the analgesic effect of venlafaxine in the mice model of hot plate test ([@B11]). This observation also demonstrates that venlafaxine, which is a mixed inhibitor of norepinephrine and serotonin reuptake, produce its analgesic effects differs from TCAs such as amitriptyline ([@B38]).

Conclusion
==========

The present study indicates a clear antihyperalgesic effect of venlafaxine in peripheral neuropathy. This effect is not inhibited by naloxone or caffeine which, interestingly, distinguishes venlafaxine from TCAs. These results suggest a potential use of venlafaxine in management of neuropathic pain.
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